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We calculate the direct CP violation for the decay process of B 0 → π 0 π 0 , B + → π 0 π + , B 0 → K 0 π 0 and B + → K + π 0 via isospin symmetry breaking effects from the π 0 − η − η ′ mixing mechanism in perturbative QCD approach. Isospin symmetry breaking originates from the electroweak interaction and the u-d quark mass difference through the strong interaction which are known to be tiny. However, we find that isospin symmetry breaking at the leading order changes the CP violation from the new strong phases. Our calculation results for the CP violation are within or including the range of experimental results. We also compare our results with those from the QCD factorization and the perturbative QCD schemes without regard to isospin symmetry breaking effects.
PACS numbers:
I. INTRODUCTION
The theoretical studies and experiment of the two body charmless hadronic B meson decay play an important part in searching new physics signals beyond the Standard Model (SM). In the SM, the non-leptonic decays of B → ππ and B → πK provide valuable information on the inner angles of the unitarity triangle of Cabibbo-Kobayashi-Maskawa (CKM) [1, 2] matrix, and have been widely studied [3] . Due to the quark flavour mixing, CKM matrix provides us the weak phases. The weak phase related to the strong phase is responsible for the source of the CP violation. The strong phase is from the dynamics of QCD and the other mechanism.
Since the interference of tree and penguin amplitudes is expected to produce CP violation, the charmless B → ππ and B → πK modes are very representative in the two-body B meson decays, and hence have been studied most extensively. Thanks to the interplay between theory and the data of B factories, valuable new insights into the physics of these modes could be obtained, raising also the question of having an electroweak penguin sector that is modified from new physics contributions [4] . There are some potential contradiction between the current new B-factory data for B → ππ and B → πK decays and the predictions. For example, new experimental data for B 0 → π 0 π 0 and B 0 → K 0 π 0 decay rates are significantly larger than the theoretical predictions [5] . In addition, predictions for the direct CP asymmetries in these modes are also inconsistent with the data, even with the opposite sign for some processes [6, 7] . There is conspicuous difference for the CP violation between the process B ± → π 0 K ± and B 0 → π ∓ K ± . For the scheme of QCD factorization, the perturbative and non-perturbative contribution are suppressed by O(α s ) and O(Λ QCD ), respectively. Hence, it is difficult to explain the discrepancies since the CP violation is small. The Glauber-gluon effects are discussed for the CP violation of process B → πK from the Glauber phase factors which lead to the rotation of the tree amplitude by a strong phase in the framework of perturbative QCD [8] . New physics contribution is the new sources of CP violation through electroweak penguins for the decay process of B → πK [9] [10] [11] .
Isospin is an approximate symmetry in the Standard model which can be broken either by electroweak effects or by the strong interaction through the u and d quark mass difference. Both mechanisms of isospin violation lead to △I = 3 2 penguin contributions. The π 0 − η − η ′ mixing arises from the latter [12] and permits an I = 1 amplitude [13] . These latter contributions convert the triangle relations between the amplitudes to quadrilaterals. The effect of electroweak penguin diagrams has been studied earlier in the literature, and is estimated to be small [14] [15] [16] . The quark flavor basis leads to the mixing of the pseudoscalar mesons. Isospin symmetry breaking from the QCD dynamics are introduced by the mixing of π 0 − η − η ′ , which can be applied to the phenomenology by the quark flavor mixing scheme. The π 0 − η − η ′ mixing from u and d quark mass difference can present the strong phase which may affect the value of CP violation accordingly. It is interesting to study how it could affect the CP violation for the decay processes of B → ππ, B → πK.
The remainder of this paper is organized as follows. In Sec. II we present the form of the effective Hamiltonian. In
Sec. III we give the calculating formalism of CP violation from isospin symmetry breaking effects. Input parameters are presented in Sec.IV. We present the numerical results in Sec.V. Summary and discussion are included in Sec. VI.
The related functions defined in the text are given in the Appendix.
II. THE EFFECTIVE HAMILTONIAN
From the operator product expansion, the effective weak Hamiltonian can be expressed as [17] 
where 
where α and β are color indices, and We can obtain numerical values of C i . When C i (m b ) [18] , One can obtain numerical values of a i . The combinations a i of Wilson coefficients are defined as [19, 20] 
We can denote isospin vector triplet π 3 , isospin scalar η n and isospin scalar η s by containing strange quark or not. One can translate the SU (3) singlet η 0 and octet η 8 into isospin scalar η n and isospin scalar η s by the relations
and η s = |uū + dd > and η s = |ss > from the quark model, respectively. The physical meson states π 0 , η, η ′ can be transformed from the π 3 , η n and η s by unitary matrix U [21] :
where
where φ is the mixing angle [22] . ε 1 , ε 2 ∝ O(λ), λ ≪ 1 and the higher order terms are neglected.
From the quark model, the physical states η and η ′ are associated with the quark flavor basis η n and η s . The matrix U (ε 1 , ε 2 , φ) reduces to the U ′ (φ) as ε 1 , ε 2 → 0 when one considers the isospin symmetry. Hence, the physical state π 0 is equivalent to the π 3 state and the formula of Eq. (5)(6) translates into the η − η ′ mixing in Eq. (7):
The mechanism of isospin symmetry breaking depends on the electroweak interaction and the strong interaction by the u − d quark mass difference in Standard Model. The effect of the electroweak interaction is tiny for the isospin symmetry breaking [14] [15] [16] . The u − d quark mass difference is responsible for π 0 − η − η ′ mixing and make major contribution for the isospin symmetry breaking. One can calculate the effects from isospin symmetry breaking by the chiral perturbative theory. To the leading order of isospin symmetry breaking via π 0 − η − η ′ mixing, the physical eigenstates of mesons π 0 , η and η ′ from Eq.(5)(6) can be written as
where π 3 refer to the isospin I = 1 component in the triplet. One can define ε = ε 2 + ε 1 cosφ, ε ′ = ε 1 sinφ, and the values are ε = 0.017 ± 0.002 , ε ′ = 0.004 ± 0.001, φ = 39.0
We need deal with the hadronic matrix element for calculating the CP violation. Since the heavy meson is energetic, the factorization method is popular for estimating the hadronic matrix element from the heavy quarks effective theory and the large momenta of quarks. Due to the QCD correction, we can calculate the decay amplitudes of the heavy B meson since soft gluons is not enough time to exchange between the final states mesons with large momenta. The contribution of hard gluons can be estimated by perturbative theory. In the framework of perturbative QCD, the transverse momenta of quark is considered for avoiding the divergence. Since the wave function is independent on the decay mode, we use the model for the B meson function [22, 23] 
where the normalization factor N B is dependent of the free parameter ω b . b is the conjugate variable of the parton transverse momenta k T . M B refers to the mass of the B meson. For the B meson, we can obtain the value of ω b = 0.50 ± 0.05 from the light cone sum rule [24] .
The wave function of the final state pseudoscalar mesons M = (π, K, η n , η s ) are the same in form and can be defined in Ref. [25] [26] [27] [28] 
where m 0i is the chiral mass of the meson M i . P i and x i are the momentum and the fraction of the momentum of
Depending on the assignment of the momentum fraction x, the parameter ζ should be chosen as +1 or -1.
In this paper, we will use those distribution amplitudes of the π meson and φ A,P,T η dd [29] :
represent the axial vector, paeudoscalar and tensor components of the wave function, respectively. In Ref. [30] , isospin symmetry is assumed for f x and f x = f π . The
Gegenbauer polynomials are given as:
where t = 2x − 1.
The expressions of the distribution amplitudes of the K meson and φ A,P,T ηn are given as [31] :
where ρ K = mK m0K and ρ ηn = 2mq mqq .The wave function of the uū is same as the wave function dd. The Gegenbauer moments and the other parameters are given as [31] :
The wave function of the meson is non-perturbative and process-independent. We can describe the formation of hadrons from the positive and negative quarks by the wave function, which provides distribution of the momentum carried by the parton. In the framework of PQCD, we calculate the QCD correction by introducing the transverse [18, 31] . Hence, the wave function is credible [32] .
The relevant decay constants can be written as [33] :
where P refers to the momenta of η n or η s . The relation between the decay constants f n and f s can be found in
Ref. [31] .
B. Calculation details
In the framework of PQCD, we can calculate the CP violation for the decay modes B → ππ and B → πK from the effects of isospin symmetry breaking mechanism via π 0 − η − η ′ mixing. The tree level amplitude T and penguin level amplitude P are obtained by perturbative theory. For the sake of simplification, we take the decay process B
and
and we have ignored the higher order term of ε and
We obtained the amplitude forms required in Eq.(16)(17)(18) by calculation and they can be written as
Depending on the CKM matrix elements, we can express the decay amplitudes A for B 0 → π 0 π 0 as following :
T and P refer to the tree and penguin contributions from A in Eq. (15), respectively. The amplitudes T and P from the decay process of B 0 → π 0 π 0 with π 0 − η − η ′ mixing can be written as:
where T 1 , P 1 are from the decay process of B 0 → π 0 π 0 without π 0 − η − η ′ mixing. T n , P n , T s and P s come from the decay amplitudes B 0 → π 0 η n and B 0 → π 0 η s , respectively. The tree level amplitude and penguin level amplitude can be given as
with the f π and f B refer to the decay constant. The individual decay amplitudes in the above equations, such as F e , F P e , F a , M a and M e arise from the (V − A)(V − A), (V − A)(V + A) and (S − P )(S + P ) operators, respectively, and will be given in Appendix.
One can see that the Eq.(23) without π 0 − η − η ′ mixing is reduced to
which are expressed in Eq.(24) and Eq.(25).
The relevant weak phase θ and strong phase δ are obtained as following
where the parameter r represents the absolute value of the ratio of penguin and tree amplitudes:
The strong phase associated with r can be given
where ρ, η, λ is the Wolfenstein parameters.
The CP violation, A CP , can be written as
IV. INPUT PARAMETERS
The CKM matrix, which elements are determined from experiments, can be expressed in terms of the Wolfenstein parameters A, ρ, λ and η [34] :
where O(λ 4 ) corrections are neglected. The latest values for the parameters in the CKM matrix are [35] : 
The other parameters are given as following [29, 35, 36] :
V. NUMERICAL RESULTS
The CP violation depends on the weak phase differences from the CKM matrix elements and the strong phase differences which comes from the dynamics of QCD and the other mechanism. The CKM matrix elements are related to A, ρ, η and λ, but the results for the CP violation are less reliant on A and λ in the course of calculations. Hence, 0.00 ± 0.00 0.00 
VI. SUMMARY AND DISCUSSION
In this paper, we study the CP violation for the
from isospin symmetry breaking effects via π 0 − η − η ′ in perturbative QCD. It is found that the CP violation can be changed via π 0 − η − η ′ mixing from the isospin symmetry breaking from the strong phase difference.
The traditional factorization method is the leading order of QCD factorization scheme with regard to the decay processes of bottom mesons and 1/m b corrections is ignored. The QCD factorization scheme is affected by the singularities of endpoint, which are not well controlled. Recently, next-to-leading order corrections for the decay of B → πρ(ω) have been implemented in the PQCD approach [40] . Some questions of the NLO accurate calculation in PQCD approach are discussed by the author in article [41] . The complete NLO calculation in the PQCD method needs to compute all one-loop spectator-scattering diagrams. Nevertheless, the paper [40] only takes into account the 1-loop BBNS kernel (similar to the kernel in QCD factorization) for the decay of B → πρ(ω). The vertex diagram can be far away from the shell as a subdiagram of a large diagram with hard collinear commutation. In addition, the Wilson coefficients are evaluated at very low scales, where the perturbation theory is destroyed. The unphysical strengthen of the Wilson coefficients at small scales is also the source of the large penguin and annihilation. Based on above discussion, we investigate the CP violation of B → ππ(K) via π 0 − η − η ′ mixing from the leading order contribution in PQCD.
Theoretical errors cause uncertainty of results. Usually, power corrections in the heavy quark limit give the main theoretical uncertainties. It means that introduce 1/m b power corrections is essential. Unluckily, there are many possible of 1/m b power inhibiting effects and they are generally nonperturbative in nature, so they unable to calculate by the perturbative method. This scheme has more uncertainty. The first error relates to the change of the CKM parameters. The second error comes from the hadronic parameters which are the shape parameters, form factors, decay constants, and the wave function of the B meson. The third error corresponds to the selection of the hard scales, which varies from 0.75t to 1.25t, which indicates the size of next-to-leading order QCD contributions.
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VIII. APPENDIX: RELATED FUNCTIONS DEFINED IN THE TEXT
The functions related with the tree and penguin contributions are presented with PQCD approach [18, 22, 42] .
The hard scales t are chosen as
The function h coming from the Fourier transformations of the function H (0) [36] . They are defined by
where J 0 is the Bessel function and K 0 , I 0 are the modified Bessel functions
, and F (j) 's are defined by
The S t re-sums the threshold logarithms ln 2 x appearing in the hard kernels to all orders and it has been parameterized as
with c = 0.3. In the nonfactorizable contributions, S t (x) gives a very small numerical effect on the amplitude [43] .
The Sudakov exponents are defined as
The explicit form for the function s(k, b) is [18] :
where the variables are defined byq
and the coefficients A (i) and β i are
n f is the number of the quark flavors and γ E is the Euler constant.
The individual decay amplitudes F e , F P e , F a , M a and M e arise from the (V − A)(V − A) and (V − A)(V + A) operators, respectively. The sum of their amplitudes are
• (V − A)(V + A) operators:
where the color factor C F = 4/3 and a i represents the corresponding Wilson coefficients from differen decay channels. The function are related to the annihilation type process, whose contribution are: 
The explicit expressions of individual decay amplitude F eη and F 
• (S − P )(S + P ) operators: 
where r i = m0i mB and m 0i refers to the chiral scale parameter.
• (V − A)(V − A) operators: 
• (V − A)(V + A) and (S − P )(S + P ) operators:
The functions are related with the annihilation type process, whose contributions are:
• (S − P )(S + P ) operators:
If we change the π and η( ′ ) meson, the corresponding expressions of amplitudes for new diagrams will be similar with those as given in Eqs. (84)- (94), since the π and η( ′ ) are all pseudoscalar mesons and have the similar wave functions [29] . For example, we can find that
